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AUSTRALIAN fur seals (Arctocephalus pusillus doriferus) breed on nine islands in Bass Strait, between mainland Australia and Tasmania, and frequent the continental shelf waters of south-eastern Australia, including Tasmania (Warneke 1975) . Annual pup production for the species is approximately 20,000 and the total population is 80,000 seals (Shaughnessy et al. 2002) . The species status is considered to be 'low risk, conservation dependant' (Shaughnessy 1999), with conservation dependant on protection at breeding sites and secure foraging environments. The latter are poorly known, particularly for adult males which appear to be the population component most in conflict with fisheries activities (e.g., Pemberton and Shaughnessy 1993; Tilzey 2000) .
Currently, information on foraging areas and foraging patterns of A. p. doriferus is limited mainly to tag resights, some studies of female foraging ecology and dietary studies. Individuals tagged as pups during the 1970's and 1980's at Seal Rocks, a colony in northern Bass Strait, were resighted throughout the species' range (Warneke 1975) . While young (3 -5 years) seals appear to remain < 150 km from breeding colonies, mature males may forage > 750 km away (Warneke 1975) . Tracking studies of mature females (3 -18 years) at several sites suggest these seals mostly forage < 200 km from colonies on trips that last 1 -3 weeks (Hindell et al. 1998; Hume 2000; Arnould and Hindell 2001; Littnan and Arnould 2002) . The females need to return regularly to the colony to suckle their pups (Arnould and Hindell 2001) , which is a restriction not applicable to males, who do not assist in pup rearing. Capture of seals in trawl nets (Warneke 1985) and information from dive recorders (Hindell and Pemberton 1997; Arnould and Hindell 2001) suggest A. p. doriferus generally forage at depths < 120 m. They prey on both pelagic and benthic fish and cephalopods (Gales and Pemberton 1994; Gales et al. 1993 ).
Male A. p. doriferus mature at 3 -4 years of age, are sufficiently large to hold breeding territories when 8 -9 years old and then usually hold territories for just two breeding seasons (Warneke and Shaughnessy 1985) . The males may fast for 50 -60 days during the breeding season, which runs from late October to late December (Warneke and Shaughnessy 1985) , with the frequency of matings peaking just after the peak of pupping between 26 November to 1 December (Warneke unpubl . data cited in Warneke and Shaughnessy 1985; Pemberton and Kirkwood 1994; Cane 1999) . In winter, breeding age males (bulls) weigh 200 -250 kg but at the start of breeding they reach 300 -350 kg (Warneke and Shaughnessy 1985) . Due to the age and size required by bulls to defend territories, encountering productive foraging areas in winter and spring, prior to the breeding period, is critical to an individual's breeding success. We aimed to assess the foraging ranges of bulls during this pre-breeding period.
Few previous studies have focussed on foraging by male otariids, especially those weighing in excess of 200 kg, in part due to difficulties of capture (see Troy et al. 1997) . A. p. doriferus breed only on small off-shore islands that are difficult to access. The seals will stampede into the water in response to an unusual sight or smell, including a human, making approaching the colony problematic. Furthermore, darting the seals to aid their capture requires great accuracy as A. p. doriferus are thigmotactic, often lying across one-another when resting, and thus reducing target opportunities. Dosages required to anaesthetise an adult male would be sufficient to kill a smaller individual. Hence, sedation and capture of an adult required the development of unique field techniques.
Foraging ranges of marine mammals are commonly investigated using satellite tracking devices (platform transmitter terminals, PTTs, e.g., Harcourt and Davis 1997; Bradshaw et al. in press ). Prior to our field work, however, PTTs had not been deployed on A. p. doriferus nor in Bass Strait. A further aim of the present study was to assess the accuracy of location predictions by the PTTs when mounted on the fur seals in Bass Strait.
In summary, our aims are to describe and assess methods developed and present preliminary results from the first year of a three-year study on adult male foraging. A full analysis of foraging patterns will be presented in later papers.
METHODS

Study site
In May 1999, satellite transmitters (PTT's, ST18, 0.25-0.40 watts power output, Telonics Inc., Mesa, AZ, USA; packaged by Sirtrack Ltd, Havelock North, NZ) weighing 350 g and measuring 13 x 6 x 2.5 cm were attached to four adult male seals at Seal Rocks, Victoria (38º 52' S, 145º 10' E; Fig. 1 ). This site supports approximately one quarter of the total population of A. p. doriferus, with an annual production of almost 5,000 pups (Shaughnessy et al. 2000) .
Attaching the transmitters
To conduct the field work, a team was deployed in a stone hut at Seal Rocks. Seals evacuated the Rocks during deployment, but gradually returned after several hours. Once settled, we selected the largest, most dominant, male present, in the hope that it would be a territory holder during the breeding season. The selected male was carefully approached by a prone team member (ML) with an air-gun.
When within 15 m of the target seal, the team member would assume a firing position and wait until the target seal was apparently sleeping, a large section of its back was available as a target area and no nearby seals were likely to be darted by accident. The seal's mass was estimated by eye and a dart containing 0.4 to 0.5 mg/kg of Midazolam (Hypnoval  , Roche Products Pty Ltd, Dee Why NSW, Australia) was then propelled from the air-gun into the seal's back, and injected the sedative intramuscularly. Midazolam is a sedative and was preferred over an anaesthetic to ensure the seal could still swim if it entered the water before restraint. After 20 min to allow the sedative to take effect, the seal was approached, restrained in a catch-net (Fuhrman Diversified, Flamingo, TX, USA) and anaesthetised with Isoflorane gas (5%) delivered from a custom built, portable anaesthetic machine. The body length of each seal was measured and its body mass and age was estimated, based on our prior experience, teeth wear and scarring. Each seal was marked individually on the back with hair dye (Born blonde, Clairol) and had a PTT glued (Araldite 2017, Aeropia Ltd, Crawley, UK) centrally on its back. The glue took 10 minutes to set, after which time the seal was administered 100% oxygen for 10 min. and injected intra-muscularly with Flumazenil (0.25 mg; Roche Products Pty Ltd) to partially reverse the effects of the Midazolam and assist a quick recovery. 
Transmitters
When out of the water, the PTTs transmitted every 45 s. To save battery power, the units went into sleep mode after 5 hr dry periods and were duty cycled 20 hr on, 4 hr off, the off period coinciding with a known time-of-day when satellites did not pass over south-eastern Australia (1000 -1400 local time, 0000 -0400 GMT). Given the estimated battery life, the PTTs had a potential transmission life of nine months.
PTT transmissions were recorded by CLS Argos (France) instruments on polar orbiting satellites (NOAA, USA) then relayed to ground stations where locations were calculated. All location predictions were assigned an accuracy level, based on satellite to transmitter geometry, transmitter frequency stability, the number of detections during a single satellite pass and the distances between the predicted locations. The location predictions in order of increasing accuracy, are B, A, 0, 1, 2 and 3. Less accurate Class A and B predictions were not collected in this study due to their extra cost, potential inaccuracy and the numerous more accurate locations that were obtained. The times when Class A and B locations were recorded was noted, however, as these transmissions indicated that seals had entered the sea and thus improved our estimations of the time seals spent at sea and on land.
To assess the accuracy of locations predicted by the PTTs, we compared the known location of Seal Rocks (determined with a hand-held GPS) with location predictions when PTT-bearing seals were at the colony. Attendance monitoring was achieved through observations during monthly visits to the Rocks and of live recordings that were transmitted from remote video cameras at Seal Rocks to a visitor centre on Phillip Island.
RESULTS
Seal responses
When darted, one bull remained asleep, one sat up to look around, then returned to a sleeping position, and two sat up, saw and sniffed the dart in their back then ran 10 -20 m toward the water. The running dislodged the dart and the seals gradually relaxed and lay down. On netting, all seals reacted by attempting to flee to the water. Their movements were ataxic, but they could still move quickly for 10 -40 m before stumbling and providing an opportunity for us to fit a gas mask over their nose; a 10 cm diameter aperture at the end of the net allowed the nose to protrude for masking. The estimated body masses of the four seals ranged between 220 -270 kg (Table 1) . Based on each seal's size, degree of scarring and teeth wear, two were considered to be young bulls (~8 years, 'ERIC' and 'SCOTT'), one a mid-aged bull (~11 years, 'STEVE') and one an old bull (~14 years, 'OTIS').
Transmitters
The transmitters provided information on locations during 7, 7, 2 and 6 months for ERIC, SCOTT, STEVE and OTIS, respectively. Transmitter failures probably resulted from component failures and/or battery drain rather than loss of devices or seal deaths. One seal, STEVE, was sighted regularly with an intact transmitter after its transmitter had failed.
PTT transmissions were detected by satellites on 5,668 occasions, 2,623 of which provided Class 0 or better location predictions (Table 1) . Between PTTs, the mean numbers of detections per day and location predictions per day varied considerably (4.8 to 12.1 and 1.3 to 7.4, respectively, Table 1 ). When a seal was known to be at Seal Rocks, 50% of the predicted locations were within 1 km of the actual location, 96% were within 10 km and the maximum error recorded was 26 km (n = 195, Table 2 ). For the least accurate locations, class 0, the mean error was 7.2 ± 5.9 km. The majority of locations (87%) were of seals at sea rather than on land (Table 2 ). There was considerable inter-PTT variation in the frequency and quality of hits, with the greatest frequency and higher classed hits coming from the PTT attached to OTIS (Tables 1, 2 ). There was a strong correlation between location predictions each hour and satellite passes for that hour (r 2 = 0.772, n = 20, P < 0.001; Fig. 2 ). An apparent bimodal pattern in the frequency of occurrence of fixes through the day resulted from there being a bimodal pattern in the frequency of satellite passes, rather than any biological factors.
Durations on land and at sea
ERIC
During winter and early spring, ERIC'S foraging trips averaged 7.2 d (range 4.1 to 24.6, n = 17) and rests between trips averaged 1.9 d (range 0.3 to 4.5, n = 16; Table 3 , Fig. 3 ). He arrived to establish his breeding territory on 30 October and was observed frequently, occupying and defending it against other bulls, and mating. ERIC'S PTT failed at Seal Rocks on 25 December and was recovered there in May 2000.
STEVE
Winter foraging trips by STEVE averaged 5.9 d (range 4.4 to 12.4, n = 6) and rests between trips averaged 2.5 d (range 2.0 to 3.8, n = 6). STEVE'S transmitter failed on 20 August, but he was sighted regularly on Seal Rocks. He established a breeding territory at Seal Rocks, and adjacent to ERIC'S territory, in early November and held this for at least 16 d.
SCOTT
During winter and early spring, SCOTT'S foraging trips averaged 7.6 d (range 0.9 to 12.7, n = 13) and his rests averaged 3.4 d (range 1.0 to 5.6, n = 13). In November, SCOTT performed shorter foraging trips and rest periods (5.7 d trips, range 0.6 to 10.8, n = 7; 1.1 d rests, range 0.3 to 2.0, n = 6). He arrived at Seal Rocks on 9 December, after the peak breeding period, and remained there for 15.8 d. He may have attempted to mate over this period, although he was never sighted doing so nor holding a territory. On 25 December, at the end of the breeding season, SCOTT departed Seal Rocks and performed two foraging trips before his PTT failed on 1 January.
ERIC
OTIS
Prior to November, OTIS performed 7.5 d trips (range 4.4 to 12.4, n = 14) and 3.2 d rests (range 2.2 to 4.9, n = 14) and from then until 7 December, when his PTT failed, his trips were 3.4 d (range 0.5 to 9.7, n = 9) and rests were 1.6 d (range 0.7 to 2.4, n = 8). The PTT failed while OTIS was on New Year Island (39º 67' S, 143º 82' E), north-west of King Island (Fig. 4) .
In summary, the durations of foraging trips and periods ashore varied between individuals and with time of year. However, average durations in winter and early spring were similar between the four seals (7.4 ± 0.2 d trips, 2.8 ± 0.7 d rests, n = 4 seals). The longest trips, 18.2 and 24.6 d, were performed by ERIC in winter.
Foraging locations
We did not record diving and feeding, but assume all seals were foraging during trips away from the colony. Between May and October, the two bulls that held territories in November / December, foraged primarily in western Bass Strait. One also foraged in eastern Bass Strait during August and September (Fig. 4) . The other two bulls foraged mainly in northwestern Bass Strait, between King Island and Cape Otway (Fig. 4) . While three of the bulls foraged widely, over several thousand km 2 , SCOTT spent 5 months targeting prey in a 100 km 2 area of Bass Strait approximately 30 km south of Cape Otway, and always returned to Seal Rocks to rest. When bulls started to establish territories at the end of October, however, SCOTT departed Seal Rocks and foraged near the edge of the continental shelf between western Victoria and south-western Tasmania before returning to Seal Rocks on 9 December (Fig. 4) . SCOTT achieved the greatest straight line distance from Seal Rocks of 524 km, compared with maximum distances of 317, 243 and 192 km for ERIC, OTIS and STEVE respectively. Due to transmitter failures prior to January, the only foraging recorded after the breeding season was by SCOTT who went to the south-western coast of Tasmania. All locations were on the continental shelf over water depths < 200 m and most were in water depths < 100 m.
Rest sites
All four bulls rested at sites other than Seal Rocks ( (Fig. 4) .
DISCUSSION
The capture method employed for 200+ kg male A. p. doriferus proved effective but had the limitation that seals could potentially escape. Light dose rates of Midazolam meant that if seals went into the water they would not drown (two seals we attempted to catch escaped into the water and swam comfortably away) but made capture of seals more difficult than if they had been immobilised. When stimulated by capture, the sedated seals still reacted strongly. Future sedations may benefit with the incorporation of immobilising agents, such as Zoletil (Virbac, Peakhurst, NSW, Australia), however, the ability of a seal to swim should not be compromised if there is a chance it will enter the water.
Errors in location predictions in our study were greater than those predicted by Argos and greater than those recorded in other studies of marine pinnipeds (e.g., Boyd et al. 1998; Bonadonna et al. 2000; Vincent et al. 2002) . Variations in location errors could relate to the quality of transmitters, the behaviour of the seals (such as some seals lying on their sides more frequently than others), or external factors (such as atmospheric conditions at different latitudes, or geological features). Although less accurate than anticipated, < 4% of predicted locations were out by > 10 km. Given the hundreds of kilometres traversed by the seals and their finite range of rest sites (Warneke 1982) , we considered our devices were sufficient to track the seals to foraging areas and record their haul-outs. Variations between seals in the number and quality of location predictions could be due to different qualities of the devices, or different behaviours by the seals. For example, one seal may have surfaced to breath in a fashion that exposed the back-mounted PTT more frequently than did another seal. Previous researchers have had difficulty in receiving at sea locations for fur seals (e.g., Harcourt and Davis 1997) which was not apparent in this study. Factors influencing our high frequency and quality of detections might have been the forward pointing antenna, location of the salt-water switch on the leading edge of the transmitter and location of the transmitter on the midback of the seals.
There was no indication of greater frequencies of satellite detections at particular times of day, which could have indicated periods of rest near the surface. Diving studies of female A. p. doriferus suggest they may forage at any time of the day, but do so mostly during daylight hours (Arnould and Hindell 2001) . Due to the day time window of no satellite passes, our PTTs did not record during the hours of 10 am to 2 pm local time, a period when seals might have been feeding when at sea.
Prior to this study, it was not known if A. p. doriferus bulls returned to their breeding colonies during winter. Territorial bulls could maintain low body masses at this time of year and be difficult to distinguish from other large males. All four bulls tracked, however, returned to Seal Rocks at intervals during winter and spring and two of these held territories during the breeding season. Colony attendance outside the breeding season may be important for territory establishment by A. p. doriferus. New Zealand fur seal (A. forsteri) bulls also attend their colonies outside the breeding season and posture, defend and reside within the areas of their breeding season territories (Troy 1997) . Perhaps the expression of territorial behaviour outside of the breeding season reduces the effort bulls need to expend on territory defence during the breeding season, when they fast and need to conserve energy. The out-of-season defence would advertise to potential challengers that an area is taken and to females that an area is 'safe' to have their pups. We may have biased our study of adult male foraging ranges by deploying instruments in winter. Perhaps, there are territory holding bulls that do not return to the colony outside the breeding season and focus their foraging further afield. To avoid this bias would require deployments on territory bulls during the breeding season. At this time however, seals are very aggressive and there would be considerable risk to researchers and drugged animals. Also, stampedes could result in many deaths of small and fragile pups. Future mark-resight studies or satellite tracking of bulls from haul-out sites in southern Tasmania or South Australia may aid in the clarification of where territorial bulls forage. However, given that one bull took just 4 d, which included an 8 hr rest at Reid Rocks, to travel 650 km from southern Tasmania to Seal Rocks, it is possible that many territorial bulls return to the colony outside of the breeding season to inspect their intended territories.
Attendance at colonies other than the one they breed at may simply be because these represent safe areas to rest. Alternatively, the bulls may attempt to hold territories and breed at more than one colony. This has implications for the degree of genetic interrelatedness of colonies of A. p. doriferus. Future observations are required to clarify the purpose of hauling out at non-natal breeding sites.
Foraging trip and rest durations by the male A. p. doriferus in winter (7.4 and 2.8 d respectively) were similar to those previously reported for female A. p. doriferus, which are one quarter the body mass of males and need to return to colonies to suckle pups (6.8 to 7.9 d trips and 2.0 to 2.1 d colony attendances; Arnold and Hindell 1999; Littnan and Arnold 2002) . This may be a coincidence or there could be a practical reason for the foraging trip and colony attendance durations to be similar between the sexes. Our sample size was small, and future analysis should await the collection of more data.
All four seals foraged predominantly in northwestern Bass Strait. Perhaps seafloor topography, currents, or other water qualities in this region provide a 'hot-spot' for the seals. The focus of foraging within Bass Strait was unexpected. It was anticipated that bulls from Seal Rocks would forage mainly in southern Tasmania, where there are the largest haul-out sites of male A. p. doriferus, and along the edge of the continental shelf, where waters are considered more productive and several fisheries are focused (Kailoa et al. 1993) . Greater sample sizes are required to more accurately predict areas of importance to the seals and to speculate further on seal/ fishery resource overlaps. Apparently, however, at least a proportion of the adult male A. p. doriferus from Seal Rocks, when fattening in preparation for their extended, breeding season fast, forage mostly within Bass Strait.
The fact that seals did not venture into waters < 200 m depth concurs with previous observations on A. p. doriferus (Hindell and Pemberton 1997; Hindell et al. 1998; Arnould and Hindell 2001; Littnan and Arnould 2002) . This behaviour contrasts with other fur seal species (e.g., A. forsteri; Antarctic fur seal, A. gazella; subantarctic fur seal, A. tropicalis), which often forage over oceanic waters (Harcourt and Davis 1997; Boyd et al. 1998; Bonadonna et al. 2000) , and is suggested to reflect either a high availability of prey in Bass Strait, and/ or a reliance on benthic foraging by A. p. doriferus (Arnould and Hindell 2001) .
This study has proven the effectiveness of the capture and deployment techniques, the residence of territorial A. p. doriferus males at breeding colonies outside of the breeding season, and the accuracy of the transmitters and satellite tracking technology to record locations of these seals. Future research will focus on the seals' foraging areas and foraging behaviour.
